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Abstract 
Groundwater is a crucial freshwater resource for global drinking, industries, and irrigation 
development. It becomes more important in coastal regions where groundwater is a primary source 
for a rapidly growing population, intensive agricultural and industrial development. However, 
groundwater resources in these regions are highly vulnerable to overexploitation, seawater 
intrusion, climate change, and sea-level rise. Seawater intrusion is among the most severe water-
related issues affecting millions of people and destroying agricultural systems and ecosystems. 
Similarly, the Vietnamese Mekong Delta (VMD) is experiencing such a problem, and its impacts 
are considered more severe under climate change. Therefore, the study aims to investigate the 
groundwater flow dynamics, hydrogeochemical characteristics, origin of groundwater and 
groundwater salinization processes in the coastal aquifers of the VMD. 
To obtain the objectives, the integrated methodologies were employed. Firstly, field surveys 
were conducted in dry and rainy seasons between 2017 and 2018 to measure physicochemical 
parameters (groundwater level, pH, ToC, EC, ORP and DO) and collect a total of 278 groundwater 
and 79 river and canal water samples. Secondly, water samples were analyzed to obtain chemical 
composition (Na+, K+, Ca2+, Mg2+, SiO2, HCO3
-, SO4
-, and NO3
-) and stable isotopes (δ18O, δ2H). 
Thirdly, all obtained data were analyzed using the statistical and graphical analysis to understand 
the characteristics of groundwater in the study area. Eventually, groundwater modelling and 
machine learning algorithms were employed to predict groundwater salinization processes and to 
assess its controlling factors.  
The major findings from this study include the main parts as below:  
(i) Groundwater flow dynamics 
In the coastal lowland area of the Mekong Delta, shallow groundwater flow (water level and 
flow direction) shows highly seasonal variation while that of deep groundwater changes sensitively 
under impacts of groundwater exploitation with significant groundwater level depletion (0.85 
m/year) in dense pumping locations and tidal fluctuation along the coast. Notably, vertical 
groundwater flow also occurs intensively in depression areas leading to an increase of salinity in 
deeper aquifers.  
(i) Hydrogeochemical characteristics and origin of groundwater 
Groundwater in the study area has different water types such as Na-Cl, Na-Mg-Ca-HCO3, 
Na-Mg-Ca-HCO3-SO4 and Na-HCO3-Cl. Groundwater showed a spatial heterogeneity in isotopic 
and chemical composition, reflecting different recharge sources and different magnitudes of 
mixing with brackish water. Shallow groundwater might originate from local rainfall with less 
evaporative losses, and experience seawater intrusion due to the rapid sea-level rise during the late 
Holocene age. In contrast, deep groundwater might originate from regional rainfall in high 
elevation areas and/or evaporated surface water sources in the last glacial period with fewer 
influences of mixing with brackish water. 
(ii) Hydrogeochemical processes 
The main hydro-geochemical processes which control groundwater quality in the Mekong 
Delta are included: (i) seawater intrusion in shallow aquifers and freshening process in deep 
aquifers, (ii) carbonate-silicate weathering and minerals dissolution have occurred in both shallow 
and deep aquifers (iii) leaking saline from upper layers to lower layers occurs naturally, and it is 
worse due to characteristics of discontinuous impermeable layers and significant groundwater 
level depletion in the deeper aquifers.   
(iii)  Groundwater salinization processes in coastal aquifers  
The results of groundwater flow dynamics, hydro-geochemistry and stable isotopes showed 
that groundwater salinization in a coastal area of the MD was caused by various processes, 
including paleo-saline water trapped in sediment/rock, halite dissolution, and leaking saline from 
upper layers to lower layers. However, the problem of groundwater salinization is further 
exacerbated in recent years due to excessive groundwater exploitation with an increase of 
hydraulic connection between saline and fresh aquifers.  
End member mixing analysis shows that both groundwaters shallow and deep groundwater 
were recharged dominantly by rainfall with an average ratio of 59% and 56%, respectively. 
Evaporation has a strong influence on deep groundwater, which contributed to 41% of deep 
groundwater. In contrast, brackish water has a substantial impact on the shallow aquifer, providing 
to 15% for shallow groundwater compared to only 5% for deep groundwater.  
The prediction results of groundwater salinization based on three state-of-art machine 
learning models showed that high salinity affected-areas extends from coastal inlet to the central 
city with a length of 40 km and width of 20 km. The highest affected-areas were predicted in the 
areas close to the massive groundwater exploitation, the hydraulic connection between upper and 
lower layers, and paleo-saline sources. In practice, therefore, the groundwater exploitation in the 
areas close to paleo-saline sources with substantial extraction rate and significant groundwater 
level depletion need to be limited.   
The projection of groundwater exploitation and regional groundwater levels fluctuation in 
different scenarios indicates that continuing increase of pumping capacity together with decreasing 
groundwater levels in surrounding areas may cause significant groundwater level depletion, 
especially in central and coastal cities. Meanwhile, reducing groundwater pumping capacity in 
combination with stopping regional groundwater level depletion will help groundwater levels in 
the study area recovery remarkably.   
These findings could provide insights into the groundwater flow system, hydrogeochemical 
characteristics and seawater intrusion processes in coastal aquifers of the Mekong Delta. It may 
also help water authorities and policymakers in Vietnam and other countries to propose appropriate 
policies and regulations on sustainable water resources use and management under pressure of 
human activities and unpredictable impacts of climate change and sea-level rise in coastal lowland 
regions around the world.   
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